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ABSTRACT 
 
Objective: Older people are at risk of undernutrition because of a number of physiological 
conditions and lifestyle factors. The purpose of this study was to explore the predictive relationship 
of the corrected arm muscle area (CAMA) with 8-year mortality in a representative sample of older 
Australians. 
Design: Prospective cohort study: The Australian Longitudinal Study of Ageing.  
Setting: Community. 
Participants: One thousand three hundred ninety-six participants aged 70 years and older.  
Measurements: Trained observers measured baseline weight, height, mid upper arm 
circumference, and triceps skinfold thickness using standard techniques. Body mass index (BMI) 
and CAMA were calculated.  Baseline BMI and CAMA measurements were categorized according 
to cut-off values proposed by Garrow et al. and Friedman et al. respectively. Subsequent analyses 
were undertaken using Cox proportional hazards regression. 
Results: After adjustment for potential confounders (baseline age, gender, marital status, smoking, 
self rated health, ability to conduct activities of daily living, co-morbidity, cognition performance 
and presence of depression), those older Australians with a low CAMA (≤21.4cm2 for men and 
≤21.6cm2 for women) had an increased risk of mortality at 8 year follow-up (hazard ratio = 1.94, 
95% confidence interval = 1.25-3.00, P = .003). There was no increased risk in 8-year mortality 
identified for those with a high or a low BMI. 
Conclusion:  CAMA is a useful assessment of undernutrition in older adults that has better 
prognostic value than BMI in predicting death in older, community-living Australians.  
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INTRODUCTION 
Poor nutritional health is directly related to adverse health outcomes, including quality of life,1,2 
disability3,4 and mortality.5-9 There is also evidence to suggest that correcting nutritional deficits in 
older adults improves prognosis and life expectancy.10-12  
 
Anthropometric measurements are assuming greater importance in the clinical assessment of 
nutritional health. Although ideally the interpretation of anthropometry should be confirmed by 
assessment of dietary intake and biochemical parameters,13 this is not always possible. The simple, 
cheap and potentially reliable nature of anthropometry means that body weight, girths and skinfold 
measures are often being used in isolation to describe nutritional health both in clinical practice and 
research settings. 
 
There are some obstacles to the application and interpretation of anthropometry in older adults. 
Many older adults are kyphotic or have some form of disability that prevents the accurate 
measurement of stature and therefore calculation of body mass index (BMI) is prone to error.  There 
is also the issue of fluid status in older adults with body weight potentially confounded by 
dehydration and edema or ascites. Furthermore, measurement of body weight is difficult in older 
adults who are immobile or extremely ill.   
 
Corrected arm muscle area (CAMA) has been developed to account for the problem of arm muscle 
area overestimating actual arm muscle area (adjusted for bone) by 15-20%. CAMA is a useful 
addition to other anthropometric techniques, such as height and weight, as an indicator of nutritional 
health in older adults.14 CAMA is calculated using a standard formula that takes into account the 
mid-upper arm circumference and the triceps skinfold (TSF) thickness of the right arm.14 Friedman 
et al. first proposed CAMA as a way to identify older individuals at risk of undernutrition.15  Values 
signifying nutritional risk were determined by Friedman et al. after review and analysis of three 
international data-sets16-18 and correspond to the fifth percentile for British subjects aged 70-99.16 
Friedman et al. first used these values (≤16.0cm2 and ≤16.9cm2 for men and women respectively) 
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and then conducted further analysis to show that even CAMA approaching these values (≤21.4cm2 
and ≤21.6cm2 for men and women respectively) had prognostic value.15 These CAMA values have 
since been evaluated in older adults from both non-institutionalised5,19-21 and institutionalised 
settings22,23 and shown to be predictive of short-term (3-46 months) mortality and other important 
clinical outcomes.  
 
The purpose of this study was to explore CAMA as an independent predictor of 8-year mortality in 
a community sample of older adults participating in the Australian Longitudinal Study of Ageing 
(ALSA).  
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METHODS 
Study participants 
The study sample was taken from the ALSA, a comprehensive, epidemiological study aimed at 
identifying factors that contribute to and predict the health and social well-being of older 
Australians. The study is described in detail elsewhere.24 In short, the ALSA enrolled a random 
selection of older adults from the South Australian State Electoral Database in 1992/93. All 
potential participants were residing in the Adelaide Statistical Division and the rate at which 
respondents were drawn into the sample varied by their sex, age and region of residence. In addition 
to the specified persons, spouses (aged 65 and older) and other household members aged 70 and 
older were included. One thousand seven hundred and ninety-nine community-dwelling participants 
aged 70 and older were interviewed; 1396 consented to a subsequent clinical assessment. Every 12 
months, the ALSA investigators have documented official deaths for the study participants using 
data from government births, death, and marriage records. For study participants who died out of 
state or overseas, the ALSA investigators contacted relatives to confirm date of death. Ethical 
approval was obtained from Flinders Clinical Investigation (Ethics) Committee. Written informed 
consent was obtained from each participant. 
 
Anthropometry  
Trained observers took anthropometric measurements in each participant’s home using the methods 
described by the World Health Organization.25 Measurements of height (to the nearest 0.1cm) were 
made using a portable stadiometer and body weight (to the nearest 0.1kg) using portable scales. 
Subjects were measured in light clothing without shoes. All subjects were able to stand erect in the 
correct position for height to be measured. BMI (weight (kg) / height (m)2) was calculated and 
individuals categorized as desirable weight (20-25kg/m2), underweight (<20kg/m2), overweight 
(>25-30kg/m2) and obese (>30kg/m2).26 Measurement of TSF thickness (to the nearest 0.2mm) was 
made using Harpenden skinfold calipers [range: 0.00 to 50.00mm; minimum graduation: 0.20mm; 
accuracy: 99.00%] and mid upper arm circumference (MUAC) (to the nearest 0.1cm) using a 
flexible steel measuring tape, on the right side of the participant’s body unless affected by disability 
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or disease. Arm muscle circumference (AMC=MUAC(cm) – 0.3142xTSF(mm)) and corrected arm 
muscle area (CAMA) were calculated using standard formulae14: 
CAMA cm2 = AMC (cm)2 / 4 π – 10 (men) 
CAMA cm2 = AMC (cm)2 / 4 π  – 6.5 (women) 
The categorization of CAMA used to define poor nutritional health were established in a sample of 
older adults in New Zealand, with 21.4cm2 or less for men and 21.6cm2 or less for women 
considered “near malnourished”.15  
 
Potential confounding variables  
The following baseline variables were considered potential confounders in the statistical analyses: 
gender (male; female), age group (70-74; 75-79; 80-84; ≥85], marital status [married/partner; 
widowed; never married/divorced/single], smoking status [current; ex-smoker; never smoked], self-
rated health [poor-fair; good; very good-excellent], activities of daily living (ADLs),27,28 the 10 most 
prevalent co-morbid conditions [range 0-10; including any cancer, arthritis, heart attack, heart 
condition, hypertension, ulcers, diabetes, respiratory disease, hernia, stroke], presence of depression 
using the Centre Epidemiological Studies Depression scale (range 0-48),29 and cognitive 
performance using a subset of questions from the Mini-Mental State Examination (no impairment 
≥17; impaired <17).30  
 
Statistical Analyses 
A Cox proportional hazard regression model using time to death from the initial interview as the 
endpoint was used to analyse the relationships between corrected arm muscle area, body mass index 
and mortality. We used 8 years after the first interview as the censoring date. If a participant was 
still alive at the censoring date, the time in days from the date of their baseline interview was taken 
to be 2,921. If the participant had died between the baseline interview and the censoring date, the 
number of days that he or she had survived after the baseline interview was calculated. Results are 
presented for all participants.  
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All analyses were conducted using the SPSS statistical package version 9.0 (SPSS Inc, Chicago, 
IL). 
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RESULTS 
Table 1 shows baseline descriptive statistics for age, CAMA, BMI and mortality. The men were 
older, had higher CAMA values and a higher death rate over the 8-year study than the women.  At 
baseline, male participants were more likely to be current or ex-smokers (P<.001) and more likely 
to be married or living with a partner (P<.001). Female participants were more likely than male 
participants to have cognitive impairment (P=.015) and greater depressive symptomatology 
(P=.040). There was no significant gender difference in self rated health, ADL status, or morbid 
load.  
 
Table 2 shows the Cox proportional hazard regression model for CAMA and 8-year mortality and 
BMI and 8-year mortality after adjusting for the potential confounders. A low CAMA (≤21.4cm2 for 
men and ≤21.6cm2 for women) showed an increased risk of death at 8 years. Neither a low BMI 
(<20kg/m2), a BMI suggestive of overweight (>25-30kg/m2) nor a BMI indicative of obesity 
(>30kg/m2) showed any significant influence on risk of death at 8-year follow-up. 
 
Figures 1 and 2 show the cumulative survival curve over the 8 years for men and women, 
respectively, with a low CAMA (near malnourished) and a CAMA suggesting nonmalnourished as 
defined by Friedman.15 Men with a CAMA of 21.4cm2 or less and women with a CAMA of 
21.6cm2 or less had a lower survival rate at the 8-year follow-up. 
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DISCUSSION 
We examined the relationship of baseline CAMA and 8-year mortality in 1,396 older community-
dwelling Australians. After controlling for a large range of potential confounding variables, 
including presence of depression, cognitive performance, and co-morbidity, a low CAMA (men 
≤21.4cm2 and women ≤21.6cm2) almost doubled the risk of death at 8-year follow-up.  
 
Other studies have investigated CAMA and mortality in older adults. A study based in a New 
Zealand hospital15 followed 201 admissions aged 65 and older for up to 90 days and found that men 
with CAMA of 16.1 to 21.4cm2 and women with CAMA of 17.3 to 21.6cm2 had a significantly 
greater risk of mortality than did those with a higher CAMA. More recently, in a Switzerland 
Geriatric Assessment Unit, it was found that an abnormally low CAMA (lower then the fifth 
percentile of American age- and gender-matched reference data31) is strongly associated with 
increased mortality at 4.5-year follow-up.23 CAMA was evaluated in older community-dwelling 
adults in a study of older adults in New Zealand5 following 825 people aged 70 and older for 40-46 
months and also showed increased risk of death. The authors of these studies have shown that a low 
CAMA is associated with an increased risk of mortality and, despite limited adjustments for 
potential confounders, have, among others,20-23,32,33 recommended using CAMA to diagnose 
undernutrition in older people, because it is a simple, quick, and economical approach in hospital 
and community settings. Our study provides further support for the use of CAMA in older 
community-living Australians over a longer time period and after adjustment for many potential 
confounders. 
 
Clinicians underutilize CAMA in the nutritional assessment of older adults. Traditionally, BMI has 
been targeted in the assessment of nutritional health and effect on mortality, especially amongst 
younger adults, but results of large studies of middle-aged and older adults investigating the 
relationship between BMI and mortality however have been inconsistent,7, 34-41 and the utility of 
BMI and the traditional cut-off (20-25kg/m2 (desirable)) in older adults is perhaps questionable. 
 
10
Issues such as kyphosis, osteoporosis, and disability can influence the reliability of height 
measurement in older adults, and body weight can reflect fluid status rather than actual weight. It is 
worthy to note that, even though all participants in this study were able to stand in the correct 
position to be measured, many may have experienced some degree of “shrinkage” or vertebral 
collapse, and thus the calculated BMI may have been overestimated. Consideration of the changes 
in body composition that occur with advancing age suggest that BMI and the cutoff used to 
determine “health risk” are likely to be quite different in older adults. In our analyses using the 
traditional cutoff points (<20kg/m2, 20-25kg/m2, >25-30kg/m2, >30kg/m2)26 BMI had no predictive 
value in terms of 8-year mortality. Different cutoff points for “desirable” and “overweight” have 
been proposed for older individuals, and use of these cutoff points may produce differing 
results,42,43 but, in this study, even at the highest BMI category (>30kg/m2) there was no increased 
risk of mortality. We suggest that CAMA may be a more practical and suitable index for use in the 
nutritional assessment of older adults. CAMA is inexpensive (Cost of a pair of skinfold calipers 
($US 215) and a steel measuring tape is equivalent to the cost of scales and stadiometer) and 
simple, can be measured in all patients regardless of ambulation and is not significantly altered by 
fluid status. Although calculation of CAMA requires a more complex set of equations than does the 
calculation of BMI, future development of gender specific nomograms could improve the clinical 
utility of this index. The present study provides evidence to support that a low CAMA is an 
independent predictor of 8-year mortality. 
 
There are limitations to the research reported here. The ALSA included a large number of clinical 
and non-clinical variables to allow suitable adjustments to be accounted for in the regression model, 
but, because of the extensive protocol, it may have excluded some of the most ill people, and 
therefore may not be a true representation of all older Australians living in the community.  Men 
were significantly older than women, which was probably connected with the higher mortality rate 
seen in male participants at 8-year follow-up.44 The criteria used to define undernutrition in our 
study are based on reference ranges suggested by Friedman et al.15 following an international 
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comparison of anthropometric reference datasets for those aged 55 to 99. Because of the small 
number of participants in our sample fitting the criteria of severe wasting (≤16.0cm2 for men; 
≤16.9cm2 for women) that is highly predictive of poor health outcomes,15 we evaluated the 
prognostic significance of a higher CAMA, suggested by Friedman to represent “near 
malnourished” below which individuals showed a higher risk of 90-day mortality than those 
categorized as nonmalnourished.15  
 
Despite the limitations of this study, we conclude that a low CAMA independently predicts long-
term mortality in older community-living Australians. The ease of measuring CAMA suggests that 
it could be an extremely useful tool for nutritional assessment of older adults. Further research is 
required to investigate the prognostic value of CAMA in different settings and the effect of 
intensive nutrition intervention in the improvement of CAMA.  
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Table 1: Age, Corrected Arm Muscle Area, Body Mass Index and 8 Year Mortality for 
Community-Dwelling Older Adults (N=1,96), by Gender: The Australian Longitudinal Study of 
Ageing, 1992-2000 
 
 Women 
(n=624) 
Men 
(n=772) 
Total 
(n=1,96) 
Age, years 
     Mean 
     SD 
     Minimum 
     Maximum 
 
77.3‡ 
5.6 
70 
103 
 
78.3‡ 
5.8 
70 
96 
 
77.9 
5.7 
70 
103 
CAMA (cm2)* 
     Mean 
     SD 
     Minimum 
     Maximum 
 
33.8S 
9.1 
11.5 
81.6 
 
40.9 S 
9.5 
13.9 
82.6 
 
37.8 
10.0 
11.5 
82.6 
BMI (kg/m2)† 
     Mean 
     SD 
     Minimum 
     Maximum 
 
26.1 
4.5 
15.0 
48.0 
 
25.9 
3.5 
14.0 
41.0 
 
26.0 
4.0 
14.0 
48.0 
8-y mortality, % 32.1 S 49.1 S 41.5 
* CAMA: Corrected Arm Muscle Area14 
†  BMI; Body Mass Index25 
‡  P=0.002 
S P<0.001
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Table 2: Cox regression model for 8-year mortality using Corrected Arm Muscle Area and Body 
Mass Index and Adjusting for Potential Confounding Variables (n=1,396): The Australian 
Longitudinal Study of Ageing, 1992-2000  
 
Variable Hazard 
Ratio 
95% CI P-value 
Gender 
     Male* 
     Female 
 
1.00 
0.59 
 
 
0.48-0.73 
 
 
<0.001 
Age group 
     70-74* 
     75-79 
     80-84 
     85+ 
 
1.00 
1.63 
2.91 
4.90 
 
 
1.24-2.14 
2.23-3.81 
3.70-6.48 
 
 
<0.001 
<0.001 
<0.001 
Marital Status 
     Married/Partner* 
     Widowed 
     Never Married/Separated/Divorced 
 
1.00 
1.38 
1.00 
 
 
0.95-2.00 
0.81-1.23 
 
 
0.094 
0.980 
Self-rated health 
     Excellent or Very Good* 
     Good 
     Fair or Poor 
 
1.00 
1.44 
1.94 
 
 
1.14-1.82 
1.52-2.48 
 
 
0.002 
<0.001 
Smoking Status 
     Never Smoker* 
     Ex-smoker 
     Current Smoker 
 
1.00 
1.21 
1.76 
 
 
0.98-1.49 
1.27-2.45 
 
 
0.081 
0.001 
Co-morbid Conditions 1.14 1.06-1.22 <0.001 
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Presence of Depression† 1.01 1.00-1.02 0.117 
Cognitive Performance‡ 
     MMSE ≥ 17* 
     MMSE <17 
 
1.00 
1.43 
 
 
1.15-1.77 
 
 
0.001 
Assistance required with Activities of Daily 
Living (ADL) S  
     ≤1 ADL* 
     >1 ADL 
 
 
1.00 
1.13 
 
 
 
0.89-1.44 
 
 
 
0.324 
CAMA (cm2)                       
     >21.4 (male), >21.6 (female) *             
     ≤21.4 (male), ≤21.6 (female) 
 
1.00 
1.94 
 
 
1.25-3.00 
 
 
0.003 
BMI (kg/m2) 
     20-25 
     <20 
     >25-30 
     >30 
 
1.00 
1.36 
0.99 
1.13 
 
 
0.94-1.99 
0.82-1.21 
0.86-1.49 
 
 
0.106 
0.951 
0.388 
 
* Reference category 
† Presence of depression27  
‡ Cognitive performance28  
S ADL: Generated using a series of questions from Katz et al.40,41 Limitation defined as 
requiring help or experiencing difficulty in one or more activities of daily living. 
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Figure 1. Corrected arm muscle area (CAMA) and cumulative survival over 8 years (adjusted for 
potential confounding variables) for the 772 men aged 70 and older: the Australian Longitudinal 
Study of Ageing.  
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Figure 2. Corrected arm muscle area (CAMA) and cumulative survival over 8 years (adjusted for 
potential confounding variables) for 624 women aged 70 and older: the Australian Longitudinal 
Study of Ageing. 
